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SYNOPSIS
The thesis entitled “Stereoselective synthesis of polyketide precursors containing an anti-1,3-diol system via Prins cyclisation: application to the synthesis of (-)-sedamine, (+)-prelactones (B, C & V) and (-)-tetrahydrolipstatin” is divided into three chapters.

CHAPTER I: This chapter is further divided into two sections.
Section A: This section describes introduction for polyketide chemistry and Prins cyclisation and previous approaches to the synthesis of 1,3-diol systems. 
Section B: This section describes the synthesis of acyclic polyketide precursors containing an anti-1, 3-diol system via Prins cyclisation. 
CHAPTER II: This chapter is further divided into two sections.
Section A: This section describes introduction, previous approaches and the stereoselective synthesis of (-)-sedamine. 
Section B: This section describes introduction, previous approaches and the stereoselective synthesis of (+)-prelactones B, C and V. 
CHAPTER III: This chapter is further divided into two sections.
Section A: This section includes introduction and previous approaches for (-)-tetrahydrolipstatin. 
Section B: This section describes stereoselective total syntheses of  (-)-tetrahydrolipstatin.

CHAPTER I: Section A: Introduction
CHAPTER I: Section B: This chapter describes the synthesis of acyclic polyketide precursors containing an anti-1,3-diol system via Prins cyclisation. 
	Natural products of polyketide biosynthetic origin represent an important class of synthetic targets that display a range of potent and diverse biological activities. These activities range from antibacterial and antifungal to cytotoxic and immunosuppressive. Specifically, the anti-1,3-diol system is a key unit of several biologically active molecules. Synthetic access to such subunits is still in great demand. 
Herein, a new strategy is described for the synthesis of acyclic anti-1,3-diol units from multi-substituted tetrahydropyrans (THPs) which in turn were constructed through a highly stereoselective Prins cyclisation. Scheme 1 outlines the method in detail. Initially, the pyrans A and in turn B were constructed through Prins cyclisation. The pyrans A and B with the requisite aryl or 1-alkenyl groups at C-1 or C-6 and the unprotected hydroxy group at C-4, were subjected to Li or Na in liquid NH3 mediated benzylic or allylic cleavage to deliver the open chain anti-1,3-diol motifs C and D. The results are outlined in Table 1.


Scheme 1
A number of pyrans with a variety of functional groups were prepared and subjected to benzylic or allylic cleavages in order to generalize and to show the versatility of the reaction sequence (Table 1). The homoallylic alcohols used were racemic and hence the products were racemic but diastereomerically pure. One could obtain the enantiomerically pure products by using enantiopure homoallylic alcohols.
The following Schemes depicted the efforts that were directed towards the preparation of 1,3-diols independently. The pyran precursors and corresponding homoallylic alcohols were achieved in the shortest possible routes as follows.
Scheme 2 describes the way for the synthesis of pyran precursors 1b, 3b, 7 and 9. Opening of the epoxide in propylene oxide 21 with octynyllithium, formed on treatment of octyne with BuLi, in the presence of BF3.OEt2 in THF at -78 oC resulted in homopropargyl alcohol 22. Birch reduction of 7 using Na in NH3 furnished hydroxy trans olefin 23. 




Scheme 2.
Prins cyclisation of homoallylic alcohol 23 with benzaldehyde or acrolein in presence of TFA in CH2Cl2 resulted in corresponding trifluoroacetates 1a and 3a which without purification but after workup was subjected to hydrolysis using K2CO3 in MeOH to yield 1b and 3b. Hydroxy groups of 1b and 3b were protected as their MOM ethers 7 and 9 in presence of DIPEA, MOMCl and a catalytic DMAP in CH2Cl2. 
	For the synthesis of pyrans 5b, 11 and 13, it was followed a reaction sequence as described in Scheme 3. Allylation of dodecanal using allyl bromide and Zn in THF produced homoallylic alcohol 25. Prins cyclization of homoallylic alcohol 25 with benzaldehyde in presence of TFA in CH2Cl2 resulted in trifluoroacetate 5a which on hydrolysis using K2CO3 in MeOH furnished pyranol 5b. The 2​​o alcohol 5b was protected as its MOM ether 11 in the presence of MOM chloride, DMAP and DIPEA as base in CH2Cl2. THP 5b in other way was protected as its TBS ether 13 in the presence of TBS chloride, DMAP and imidazole as base in CH2Cl2.
	
Scheme 3.
The reaction sequence showed in Scheme 4 describes the synthesis of THP 15. Treatment of epichlorohydrin 26 with benzoxide in THF yielded benzylglycidyl ether 27 using a well documented procedure. Benzylglycidyl ether 27 on reaction with vinylmagnesium bromide, formed from vinyl bromide and magnesium in THF, in the presence of CuCN gave homoallylic alcohol 28. Subjection of the homoallylic alcohol 28 and benzaldehyde to Prins cyclisation in the presence of TFA in CH2Cl2 followed by hydrolysis of the resulting crude trifluoroacetate with K2CO3 in MeOH yielded trisubstituted pyran 29. 2o Alcohol of 29 was protected as its MOM ether to give 15. 


Scheme 4.
	In another example, synthesis of THP 17 was achieved as described in Scheme 5. Ozonolytic cleavage of olefinic bond in 25 resulted in hydroxy aldehyde 30 which on two carbon homologation furnished α,β-unsaturated ester 31. Ester 31 was transformed into allyl alcohol 32 through controlled reduction using DIBAL-H in CH2Cl2. 


Scheme 5.
		In a usual manner, Prins cyclisation of homoallylic alcohol 32 with acrolein in presence of TFA followed by hydrolysis of corresponding trifluoroacetate resulted in tetrasubstituted THP 33. Conversion of diol 33 to its di-MOM ether 17 was simply achieved using MOMCl, DMAP and DIPEA as base in CH2Cl2.
	The final entry in Table 1 utilized the pyran precursor 19 whose preparation is discussed in Scheme 6. Addition of allylmagnesium bromide, formed from allylbromide and Mg in ether, to the acetaldehyde in ether furnished homoallylic alcohol 34. 


Scheme 6.
Prins cyclisation of 34 with benzaldehyde using TFA followed by hydrolysis of resulting trifluoroacetate using K2CO3 in MeOH yielded 19. 
Though there were successfully reported simple two- and three-step sequences for the synthesis of polyketide precursors containing anti-1,3-diol units, they suffered with a limitation that these are restricted only to aromatic or α,β-unsaturated aldehydes. To circumvent this limitation, further explorations were made which resulted in few more sequences of reactions for the synthesis of partially protected or unprotected anti-1,3-diol systems.
As depicted in Scheme 7, using homoallylic 1,2-diol system A, several 1- or 6-pyranyl methanols B  and in turn 1- or 6-halomethyl pyrans C, D and E were synthesized via Prins cyclisation.

Scheme 7.
The iodomethyl pyrans C and D when treated with unactivated Zn in refluxing EtOH yielded 1,3-diol moieties F and G respectively. Literature persists the usage of freshly activated Zn for such conversions. But we were successful with unactivated Zn to obtain the products almost quantitatively. When chloromethyl pyran system E was treated with LiNH2 in liquid NH3, our group’s well established protocol, it cleanly resulted in 1,3-diol motif H. 

 Various halomethyl pyrans were prepared and subjected to above explained reductive openings in order to generalize and to show the versatility of the reaction sequences (Table 2). The homoallylic alcohols used were racemic and hence the products were racemic but diastereomerically pure. One could obtain the enantiomerically pure products by using enantiopure homoallylic alcohols.
Scheme 8 describes the synthesis of 6-iodomethyl pyran 35. Opening of the epoxide in benzyl glycidyl ether 27 with propynyllithium, formed on treatment of condensed propyne gas with n-BuLi, in the presence of BF3.OEt2 in THF at –78 oC resulted in homopropargyl alcohol 55. Birch reduction of 7 using Na in NH3 furnished dihydroxy trans olefin 56. 

Scheme 8
Selective protection of the primary hydroxyl group as benzyl ether in presence of NaH and BnBr in DMF afforded 57. Then the prins cyclisation between 57 and propanal in presence of TFA followed by hydrolysis of resulting trifluoroacetate using K2CO3 in MeOH afforded tetrasubstituted THP 58. The alcohol was protected as its MOM ether 59 which on cleavage of benzyl ether with Li in liquid ammonia resulted in 60 quantitatively. The alcohol 60 was converted to iodo compound 35 by treating with TPP, I2 and imidazole in benzene. 
Halomethyl pyrans 37, 39, 43 and 45 were constructed in the way described in Scheme 9. Prins cyclisation of homoallylic alcohol 28 with dodecanal or propanal using TFA followed by hydrolysis of resulting trifluoroacetates using K2CO3 in MeOH resulted in trisubstituted pyrans 61 and 62. 


Scheme 9
The 2​​o alcohols of THPs 61 and 62 were protected as MOM ethers 63 and 64 which on treatment with Li in liquid ammonia underwent benzyl ether cleavages to furnish 1o alcohols 65 and 66. 1o alcohols 65 and 66 when treated with TPP, I2 and imidazole as base in benzene furnished corresponding iodo compounds 37 and 39 and when treated TPP, CCl4 and NaHCO3 furnished corresponding chloro compounds 43 and 45. 
Protection of alcohol in 62 as TBS ether 67 in the presence of TBS chloride, DMAP and imidazole as base in CH2Cl2 followed by debenzylation in the presence of Li in liquid ammonia furnished alcohol 68. 1o alcohol 68 was converted to iodo compound 41 and chloro compound 47 in a usual manner (Scheme 10).


Scheme 10
	Our subsequent target was to achieve the iodomethyl pyran 49. We again began from benzyl glycidyl ether 27 (Scheme 11). 


Scheme 11.
	Opening of the epoxide in benzyl glycidyl ether 27 with octynyllithium in the presence of BF3.OEt2 in THF at -78 oC resulted in homopropargyl alcohol 69 which on birch reduction using Na in NH3 furnished dihydroxy trans olefin 70. Prins cyclisation of homoallylic alcohol 70 with propanal using TFA followed by hydrolysis of resulting trifluoroacetate using K2CO3 in MeOH resulted in trisubstituted pyran 71. 1o hydroxyl group of 71 was selectively tosylated using 1.05 equivalents of tosyl chloride to afford 72. Treatment of tosylate 72 with NaI in refluxing acetone furnished iodo substrate 49 almost quantitatively.
	The halomethyl pyrans 51 and 53 were synthesized in the following manner (Scheme 12). Prins cyclisation of homoallylic alcohol 72, prepared from 71 through debenzylation, with benzaldehyde and dodecanal using TFA followed by hydrolysis of resulting trifluoroacetates afforded trisubstituted pyrans 73 and 74. 


Scheme 12.
	The 1​​o alcohols of THPs 73 and 74 were selectively tosylated using 1.05 equivalents of tosyl chloride. Treatment of tosylates 75 and 76 with NaI in refluxing acetone furnished iodo substrate 51 and 53. 

CHAPTER II:
SECTION A: Stereoselective synthesis of (-)-sedamine via Prins cyclisation.

Finally, having established a general route for the stereoselective synthesis of anti-1,3-diol frameworks, attention was turned to prove its practicality and thus extended the method to the synthesis of a piperidine alkaloid, (-)-sedamine 16. Sedamine 16 was the first alkaloid isolated from Sedum acre and was obtained later from a number of other Sedum species. Both levorotatory (-)-sedamine and its enantiomer were found in all of the Sedum species mentioned above. 
The synthesis, as summarized in Scheme 1 and Scheme 2, commenced from (R)-benzyl glycidyl ether 1, synthesized through Jacobsen resolution. Reaction with vinylmagnesium bromide in the presence of CuCN gave homoallylic alcohol 2, which on treatment with Na or Li in liquid NH3 underwent debenzylation producing diol 3. Subjection of 3 and benzaldehyde to Prins cyclisation in the presence of TFA in DCM followed by hydrolysis of the resulting crude trifluoroacetate with K2CO3 in MeOH yielded trisubstituted pyran 4. Tosylation with 1.1 equivalents of tosyl chloride in the presence of TEA in DCM produced corresponding primary tosylate 5 which was protected as a TBS ether 6 by using imidazole, TBS chloride and DMAP in CH2Cl2. Compound 6 on exposure to NaI in refluxing acetone gave the corresponding iodide 7 which with Zn in refluxing EtOH furnished key intermediate 8 with the required anti-1,3- diol system. The newly created benzyl alcohol of 8 was protected as its MOM ether 9 in presence of DIPEA and MOM chloride in DCM.


Scheme 1.
Ozonolytic cleavage of the olefinic bond of 9 followed by wittig olefination of resulting aldehyde 10 with (ethoxycarbonylmethylene)triphenylphosphorane gave α,β-unsaturated ester 11. Ester 11 upon exposure to TBAF in THF produced alcohol 12 which on reduction with LAH in THF gave a saturated alcohol 13. 


Scheme 2.
Diol 13 on treatment with mesyl chloride in presence of TEA gave a dimesylate 14 which without purification was treated with methylamine in water in DMF at 50 oC to result in the N-methyl piperidine 15 after sequential intermolecular and intramolecular substitutions. MOM deprotection of 15 was simply carried out by using HCl in acetonitrile and water for 4 h to furnish (-)-sedamine 16, the data for which were in good agreement with the reported values.

SECTION B: This section describes a convergent route to -hydroxy -lactones through Prins cyclisation as the key step and its application to the synthesis of (+)-prelactones B, C and V
-Lactones are of great importance, being structural components of a large number of organic natural products and serving as intermediates in the syntheses of several drugs and natural products. Prelactones 17-21 (Figure 1) constitute an important group of highly functionalized chiral -lactones isolated from various polyketide macrolide producing microorganisms. The discovery of these molecules supports the widely accepted hypothesis of step by step functionalization of growing polyketide chains in the biosynthesis of macrolides.

Figure 1
	In the synthesis (scheme 3), the key intermediate homoallylic alcohol 24 was prepared from (-)-benzyl glycidyl ether 1. Opening of the epoxide in benzyl glycidyl ether 1 with propynyllithium in the presence of BF3.OEt2 resulted in homopropargyl alcohol 22. Birch reduction of 22 furnished dihydroxy trans olefin 23. Selective protection of the primary hydroxyl group as a benzyl ether in presence of NaH in DMF afforded 24.


Scheme 3.
	Prins cyclisation of 24 with appropriate aldehyde (isobutyraldehyde or crotonaldehyde or acetaldehyde) in presence of TFA followed by hydrolysis of resulting trifluoroacetates with potassium carbonate in MeOH resulted in tetrasubstituted pyrans 25a, b, c. The 6-pyranyl methanols 27a, b, c were obtained quantitatively from 26a, b, c which in turn obtained from 26a, b, c after methoxymethyl protection of the 20 alcohol in presence of DIPEA and deprotection of the benzyl ether with Li in liquid ammonia. The alcohols 27a, b, c on treatment with PCC in refluxing benzene afforded the lactones 28a, b, c. deprotection of the methoxymethyl ether using BF3.OEt2 and ethane dithiol in CH2Cl2 furnished the prelactones 17, 18 and 19.  The spectroscopic (1H NMR, 13C NMR, IR, mass) and physical data (specific rotation and melting points) of all lactones were in good agreement with those reported.

CHAPTER III: Section A: this section describes introduction and previous approaches of (-)-tetrahydrolipstatin
Section B: Stereoselective syntheses of (-)-tetrahydrolipstatin via Prins cyclisations.
(-)-Tetrahydrolipstatin (THL) 1, a potent and irreversible lipase inhibitor, is the saturated analogue of lipstatin isolated from Streptomyces toxytricini in 1987. 
Scheme 1.
Recently, THL 1 has been marketed in several countries as an anti-obesity agent under the name Xenical. 
The retrosynthetic analysis is outlined in Scheme 1. Not surprisingly, the first disconnection involved the cleavage of (S)-N-formyl amino acid portion to reveal the key triketide fragment 2 and acid 3. It was envisioned that 2 could be obtained in two different ways. First, we speculated that the alkyl center could be created by controlled alkylation on 4. However, 4 could be easily obtained from lactone 5 which in turn is available through Prins cyclisation from simple homoallylic alcohol 6 and dodecanal. It was also envisioned that the triketide 2 could also be obtained, via allylic cleavage, from tetrasubstituted pyran 7 which in turn could be accessed from homoallylic alcohol (HAA) 8 and trans-2-hexenal. HAA 8 would be easily obtained from chiral allylated 9 or from Sharpless asymmetric epoxidation product 10.

Scheme 2.
The first approach is outlined in Scheme 2. Cu mediated regioselective opening of (R)- benzyl glycidyl ether 11 with vinyl magnesium bromide resulted in HAA 6. Prins cyclisation of HAA 6 with dodecanal in the presence of TFA followed by hydrolysis of the resulting trifluoroacetate gave trisubstituted pyran 12. Protection of the secondary alcohol as the TBS ether 13 using TBSCl, imidazole and catalytic DMAP followed by cleavage of the primary benzyl ether using Li in ammonia produced pyranyl methanol 14. PCC mediated oxidative cleavage of 14 in refluxing benzene provided triketide -lactone 5. Methanol addition to the lactone was carried out in the presence of TEA resulted in corresponding -hydroxy ester which without work-up but after removal of MeOH under reduced pressure was protected as its MOM ether 15 in the presence of DIPEA and MOMCl in DCM. Attempts to isolate the intermediate MeOH addition product were unsuccessful as it cyclized back to lactone 5. Cleavage of the silyl ether in 15 using TBAF in THF yielded -hydroxy ester 4. The dianion of 4, formed on treatment with LDA in THF, was alkylated with hexyl iodide to give 16 as the predominant isomer in 75% yield after a flash column chromatography. Hydroxy ester 16 was transformed into -lactone 18 by hydrolysis of the ester group using LiOH followed by treatment of acid 17 with PhSO2Cl in the presence of Py in THF. -Lactone 18 on cleavage of the MOM ether with BF3.OEt2 and ethane dithiol in CH2Cl2 produced alcohol 2 which on esterification with (S)-N-formyl leucine 3 under Mitsunobu conditions furnished (-)-THL 1. The spectral and physical data of 1 were in good agreement with those reported.
An alternative strategy, devised for the synthesis of (-)-THL 1, is delineated in Schemes 3 and 4. The strategy again utilized the Prins cyclisation installing the key alkyl center and a hydroxy group in a highly stereocontrolled manner. Thus, Keck allylation of dodecanal gave HAA 9 which on subjection to ozonolysis followed by Wittig olefination with the stable ylide, ethoxycarbonylmethylenetriphenylphosphorane furnished the ,-unsaturated ester 19. An alternative method was also successful for the conjugated ester 19. Two-carbon homologation of dodecanal using ethoxycarbonylmethylenetriphenylphosphorane in benzene gave a conjugated ester which on reduction with DIBAL-H yielded allyl alcohol 20.


Scheme 3.
Sharpless asymmetric epoxidation of 20 with D-(-)-DET produced epoxy alcohol 10. Regioselective reduction of the epoxide using Red-Al yielded 1,3-diol 21 which on one-pot chemoselective oxidation of the primary hydroxy group using TEMPO and bis(acetoxy)iodobenzene (BAIB) in CH2Cl2 and two-carbon Wittig homologation on addition of the stable ylide, ethoxycarbonylmethylenetriphenylphosphorane resulted in hydroxy ester 19. 
DIBAL-H mediated reduction of conjugated ester 19 led to the allylic alcohol 8. Prins cyclisation of 8 with trans-2-hexenal using TFA in CH2Cl2 followed by hydrolysis of the crude trifluoroacetate with K2CO3 in MeOH resulted in tetrasubstituted pyran 22. Pyran 22 was converted to its di-MOM ether 7 in presence of DIPEA, MOMCl and catalytic DMAP in CH2Cl2 which on subjection to Na in liquid ammonia underwent allylic cleavage to yield acyclic alcohol 23 as a 1:1 mixture of diastereomers with respect to the migrated double bond. However, reduction of the double bond with PtO2 in EtOAc yielded a single diastereomer of 24. Protection of the free hydroxy group as its benzyl ether 25 using NaH, BnBr and catalytic TBAI followed by deprotection of the MOM ether linkages with BF3.OEt2 and ethane dithiol in CH2Cl2 produced diol 26. Chemoselective oxidation of the primary alcohol with TEMPO and BAIB in CH2Cl2 followed by further oxidation of the resulting crude aldehyde with NaH2PO4 and NaClO2 furnished hydroxy acid 27.


Scheme 4.
Treatment of 27 with PhSO2Cl in pyridine yielded -latone 28 which on benzyl ether cleavage with Pd(OH)2 in EtOAc followed by esterification with (S)-N-formyl leucine 3 under Mitsunobu conditions completed the total synthesis of (-)-THL 1, whose spectral and physical data were again in good agreement with those reported.


